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(54) POWER SUPPLY CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent generation of 
power loss due to simultaneous ON with a main switch 
which is caused by the operation delay of a commutation 
side MOSFET, in a power supply circuit in which 
MOSFETs are used in a synchronous rectification 
circuit. 

SOLUTION: In a driving control circuit of a synchronous 
rectification circuit using MOSFETs in a power supply 
circuit, a series circuit of a first time constant circuit and 
an IC for driving is connected with a main switch 1 , and a 
series circuit of a second time constant circuit and an 
inverter 10 is connected with a synchronous rectifier 14 
via a coupling circuit 12. The first time constant circuit is 
constituted of a resistor 5, a capacitor 3 and a diode 6. 

The second time constant circuit is constituted of a resistor 7, a capacitor 9 and a diode 8. By 
the first time constant circuit and the IC 3 for driving or by the second time constant circuit and 
the inverter 10, a dead time is formed between a driving pulse of the main switch 1 and a 
driving pulse of the synchronous rectifier 14. Thereby the state of simultaneous ON is 
eliminated, and power loss due to driving is improved. 
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Japanese Patent Application Publication No. 09-285116 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s j 10WS th e word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A main switch of switching power supply using MOSFET as an object for rectification 
A synchronous detector by the side of [ MOSFET ] commutation, and an actuation control circuit 
including a main-switch control circuit It is the power circuit equipped with the above, and 
connects with said main switch via an actuation circuit, and it has the 1st time constant circuit 
which makes an input signal a reference pulse of said main-switch control circuit, and the 2nd 
time constant circuit which is connected to said synchronous detector via an inverting circuit, 
and makes an input signal a reference pulse of said main-switch control circuit, said reference 
pulse is divided into two phases, and it is characterized by preparing an idle period between 
driving pulses which drive said main switch and said synchronous detector, respectively. 
[Claim 2] A power circuit according to claim 1 which has the 1st time constant circuit which said 
1st time constant circuit containing a resistor and a capacitor connects diode to said resistor and 
juxtaposition, and makes discharge rapidly in a trailing edge of said reference pulse. 
[Claim 3] A power circuit according to claim 1 which has the 2nd time constant circuit which 
said 2nd time constant circuit containing a resistor and a capacitor connects diode, and makes 
charge said resistor and juxtaposition rapidly in first transition of said reference pulse. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the power circuit by the 
actuation method of the synchronous detector by the side of commutation especially about the 
power circuit by synchronous detection of MOSFET. 
[0002] 

[Description of the Prior Art] First, the main switch of switching power supply using the 
conventional general MOSFET as an object for rectification, the synchronous detector by the 
side of [ MOSFET ] commutation, and an example of a power circuit that has an actuation 
control circuit including a main-switch control circuit are shown in drawing 3 . 
[0003] The reference pulse of the main-switch control circuit 4 is inputted into the coupling 
circuit 5, and is inputted into the gate by the side of [ MOSFET / 9 ] commutation via an inverter 
6 and the synchronous detection actuation circuit 7. When the driving pulse by the side of 
[ MOSFET / 9 ] commutation minds an inverter 6 for the reference pulse of the main-switch 
control circuit 4, the actuation synchronizes with a reference pulse, and completely operates 
reverse with the driving pulse of a main switch 1. Therefore, when a main switch 1 is ON, the 
commutation side MOSFET 9 will be in an OFF state, and energy is supplied to an output side 
from the input side of a power supply through rectifier diode 8. Moreover, when a main switch 1 
is OFF, rectifier diode 8 will be in an OFF state, and energy is supplied to an output side by the 
commutation side FET 9 from a choke coil 10 by being turned on. 
[0004] 

[Problem(s) to be Solved by the Invention] In the conventional actuation control circuit 
mentioned above, although the inverter was used in order to carry out actuation of a main switch, 
and actuation of the synchronous detector by the side of commutation to the opposite actuation, 
the phenomenon in which of a main switch and the synchronous detector by the side of 
[ MOSFET ] commutation were turned on simultaneously happened according to the delay by 
actuation of the inverter, and the delay of operation by the parasitic capacitance of the gate of 
MOSFET used as a synchronous detector, and there was a problem to which the power- 
conversion effectiveness of a power circuit falls. 

[0005] The object of this invention is offering the power circuit which prevents the power loss by 
the simultaneous ON state with the main switch by the delay of operation by the side of 
[ MOSFET ] commutation in the main switch of the switching power supply which used 
MOSFET as an object for rectification, MOSFET for commutation side synchronous detection, 
and the power circuit that has an actuation control circuit. 
[0006] 

[Means for Solving the Problem] In a main switch of switching power supply with which 
MOSFET was used for a power circuit of this invention as an object for rectification, a 
synchronous detector by the side of [ MOSFET ] commutation, and a power circuit which has an 
actuation control circuit including a main-switch control circuit The 1st time constant circuit 
which is connected to said main switch via an actuation circuit, and makes an input signal a 
reference pulse of said main-switch control circuit, Connect with said synchronous detector via 
an inverting circuit, and it has the 2nd time constant circuit which makes an input signal a 
reference pulse of said main-switch control circuit. Said reference pulse is divided into two 
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phases, and it is characterized by preparing an idle period between driving pulses which drive 
said main switch and said synchronous detector, respectively. 

[0007] Moreover, said 1st time constant circuit containing a resistor and a capacitor connects 
diode to said resistor and juxtaposition, and has the 1st time constant circuit made to discharge 
rapidly in a trailing edge of said reference pulse. 

[0008] Moreover, it has the 2nd time constant circuit which said 2nd time constant circuit 
containing a resistor and a capacitor connects diode, and makes charge said resistor and 
juxtaposition rapidly in first transition of said reference pulse. 

[0009] That is, a power circuit of this invention establishes a time constant circuit for a reference 
pulse from a main-switch control circuit in a main switch and a synchronous detector by the side 
of [ MOSFET ] commutation, respectively, operates the reference pulse orthopedically to a 
square wave by actuation control circuit, and makes it a driving pulse, and it has a time constant 
circuit which prepares a dead time between waves of each driving pulse. 
[0010] 

[Embodiment of the Invention] Next, this invention is explained with reference to a drawing. 
[001 1] Drawing 1 is the circuit diagram showing one example of this invention. Moreover, 
drawing 2 is each part wave shown in drawing 1 . A different point from the thing of the 
conventional example shown in drawing 3 in this example connects the reference pulse outputted 
from the main-switch control circuit 1 1 to the time constant circuit which consists of diode 6, a 
resistor 5, and a capacitor 4, and connects that output with IC3 for actuation in the series circuit 
of the gate of a main switch 1. Furthermore, it is making the driving pulse of a main switch 1 and 
the synchronous detector 14 by the side of [ MOSFET ] commutation into a square wave, and 
preparing a dead time in each by connecting the reference pulse outputted from the main-switch 
control circuit 1 1 also to the time constant circuit which consists of diode 8, a resistor 7, and a 
capacitor 9, and connecting the output to an inverter 10, the coupling circuit 12, and the series 
circuit of the gate by the side of [ MOSFET14 ] commutation. 

[0012] Next, actuation of the power circuit of the above-mentioned example is explained using 
drawing 2 . For drawing 2 (a), the reference pulse wave of the main-switch control circuit 1 1 and 
(b) are [ the gate voltage waveform of a main switch 1 and (d of the input wave of IC3 for 
actuation and (c)) ] the input wave of an inverter 10, and the gating waveform of the (e) 
synchronous detector 14. Here, when the reference pulse of the main-switch control circuit 1 1 is 
set to Hi, it is drawing 2 by the time constant of a resistor 5 and a capacitor 4. - A wave as shown 
in (b) is inputted into IC3 for actuation. Furthermore, it is fabricated by the square wave by IC3 
for actuation, and a main switch 1 is turned on with this pulse shape. Moreover, reference pulse 
wave (b) of the main-switch control circuit 1 1 makes the synchronous detection element 14 an 
OFF state by diode 8, the inverter 10, and the coupling circuit 12 at this time. 
[0013] On the other hand, since the energy stored in the capacitor 4 will discharge via diode 6 if 
the reference pulse of the main-switch control circuit 1 1 is set to Lo, the output wave of IC3 for 
actuation serves as Lo, and a main switch 1 is turned off. The input of an inverter 10 is drawing 2 
by the time constant of a capacitor 9 and a resistor 7 then. - It becomes the discharge wave 
shown in (d), and it is fabricated by the square wave via an inverter 10, and the synchronous 
detector 14 by the side of [ MOSFET ] commutation is turned on by this pulse. 
[0014] Since the above actuation can protect the simultaneous ON state of both MOSFETs in 
this example by setting up the timing of the driving pulse of a main switch 1 and the synchronous 
detector 14 by the side of [ MOSFET ] commutation by the resistor 5, the capacitor 4 and the 
resistor 7, and the capacitor 9 and a synchronous detector is driven by the square wave, 
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operational stability becomes possible and the power loss by actuation can be improved. 
Moreover, since it also follows the driving pulse by the side of [ MOSFET ] commutation at the 
reference pulse of a main-switch actuation circuit even if the reference pulse of a main-switch 
control circuit changes, a dead time is not based on the input condition and load conditions of a 
power supply, but becomes fixed, is not influenced of input fluctuation but becomes fixed 
[ actuation power ]. 
[0015] 

[Effect of the Invention] There is an effect referred to as stabilized and operating without 
abolishing the power loss by preventing being turned on [ simultaneous ] (a short circuit 
condition) both the aforementioned MOSFETs by the dead time, since it has the actuation 
control circuit which the power circuit of this invention makes a dead time for the reference 
pulse of a main-switch control circuit with the combination of a time constant circuit, IC for 
actuation or a time constant circuit, and an inverter, and drives a main switch and a synchronous 
detector, and being influenced by an input condition and load conditions, as having stated above. 
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TECHNICAL FIELD 



[The technical field to which invention belongs] This invention relates to the power circuit by the 
actuation method of the synchronous detector by the side of commutation especially about the 
power circuit by synchronous detection of MOSFET. 
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PRIOR ART 



[Description of the Prior Art] First, the main switch of switching power supply using the 
conventional general MOSFET as an object for rectification, the synchronous detector by the 
side of [ MOSFET ] commutation, and an example of a power circuit that has an actuation 
control circuit including a main-switch control circuit are shown in drawing 3 . 
[0003] The reference pulse of the main-switch control circuit 4 is inputted into the coupling 
circuit 5, and is inputted into the gate by the side of [ MOSFET / 9 ] commutation via an inverter 
6 and the synchronous detection actuation circuit 7. When the driving pulse by the side of 
[ MOSFET / 9 ] commutation minds an inverter 6 for the reference pulse of the main-switch 
control circuit 4, the actuation synchronizes with a reference pulse, and completely operates 
reverse with the driving pulse of a main switch 1 . Therefore, when a main switch 1 is ON, the 
commutation side MOSFET 9 will be in an OFF state, and energy is supplied to an output side 
from the input side of a power supply through rectifier diode 8. Moreover, when a main switch 1 
is OFF, rectifier diode 8 will be in an OFF state, and energy is supplied to an output side by the 
commutation side FET 9 from a choke coil 10 by being turned on. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] There is an effect referred to as stabilized and operating without 
abolishing the power loss by preventing being turned on [ simultaneous ] (a short circuit 
condition) both the aforementioned MOSFETs by the dead time, since it has the actuation 
control circuit which the power circuit of this invention makes a dead time for the reference 
pulse of a main-switch control circuit with the combination of a time constant circuit, IC for 
actuation or a time constant circuit, and an inverter, and drives a main switch and a synchronous 
detector, and being influenced by an input condition and load conditions, as having stated above. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] In the conventional actuation control circuit 
mentioned above, although the inverter was used in order to carry out actuation of a main switch, 
and actuation of the synchronous detector by the side of commutation to the opposite actuation, 
the phenomenon in_which of a main switch and the synchronous detector by the side of 
[ MOSFET ] commutation were turned on simultaneously happened according to the delay by 
actuation of the inverter, and the delay of operation by the parasitic capacitance of the gate of 
MOSFET used as a synchronous detector, and there was a problem to which the power- 
conversion effectiveness of a power circuit falls. 

[0005] The object of this invention is offering the power circuit which prevents the power loss by 
the simultaneous ON state with the main switch by the delay of operation by the side of 
[ MOSFET ] commutation in the main switch of the switching power supply which used 
MOSFET as an object for rectification, MOSFET for commutation side synchronous detection, 
and the power circuit that has an actuation control circuit. 
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MEANS 



[Means for Solving the Problem] In a main switch of switching power supply with which 
MOSFET was used for a power circuit of this invention as an object for rectification, a 
synchronous detector by the side of [ MOSFET ] commutation, and a power circuit which has an 
actuation control circuit including a main-switch control circuit The 1st time constant circuit 
which is connected to said main switch via an actuation circuit, and makes an input signal a 
reference pulse of said main-switch control circuit, Connect with said synchronous detector via 
an inverting circuit, and it has the 2nd time constant circuit which makes an input signal a 
reference pulse of said main-switch control circuit. Said reference pulse is divided into two 
phases, and it is characterized by preparing an idle period between driving pulses which drive 
said main switch and said synchronous detector, respectively. 

[0007] Moreover, said 1st time constant circuit containing a resistor and a capacitor connects 
diode to said resistor and juxtaposition, and has the 1st time constant circuit made to discharge 
rapidly in a trailing edge of said reference pulse. 

[0008] Moreover, it has the 2nd time constant circuit which said 2nd time constant circuit 
containing a resistor and a capacitor connects diode, and makes charge said resistor and 
juxtaposition rapidly in first transition of said reference pulse. 

[0009] That is, a power circuit of this invention establishes a time constant circuit for a reference 
pulse from a main-switch control circuit in a main switch and a synchronous detector by the side 
of [ MOSFET ] commutation, respectively, operates the reference pulse orthopedically to a 
square wave by actuation control circuit, and makes it a driving pulse, and it has a time constant 
circuit which prepares a dead time between waves of each driving pulse. 
[0010] 

[Embodiment of the Invention] Next, this invention is explained with reference to a drawing. 
[001 1] Drawing 1 is the circuit diagram showing one example of this invention. Moreover, 
drawing 2 is each part wave shown in drawing 1 . A different point from the thing of the 
conventional example shown in drawing 3 in this example connects the reference pulse outputted 
from the main-switch control circuit 1 1 to the time constant circuit which consists of diode 6, a 
resistor 5, and a capacitor 4, and connects that output with IC3 for actuation in the series circuit 
of the gate of a main switch 1. Furthermore, it is making the driving pulse of a main switch 1 and 
the synchronous detector 14 by the side of [ MOSFET ] commutation into a square wave, and 
preparing a dead time in each by connecting the reference pulse outputted from the main-switch 
control circuit 1 1 also to the time constant circuit which consists of diode 8, a resistor 7, and a 
capacitor 9, and connecting the output to an inverter 10, the coupling circuit 12, and the series 
circuit of the gate by the side of [ MOSFET14 ] commutation. 

[0012] Next, actuation of the power circuit of the above-mentioned example is explained using 
drawing 2 . For drawing 2 (a), the reference pulse wave of the main-switch control circuit 1 1 and 
(b) are [ the gate voltage waveform of a main switch 1 and (d of the input wave of IC3 for 
actuation and (c)) ] the input wave of an inverter 10, and the gating waveform of the (e) 
synchronous detector 14. Here, when the reference pulse of the main-switch control circuit 1 1 is 
set to Hi, it is drawing 2 by the time constant of a resistor 5 and a capacitor 4. - A wave as shown 
in (b) is inputted into IC3 for actuation. Furthermore, it is fabricated by the square wave by IC3 
for actuation, and a main switch 1 is turned on with this pulse shape. Moreover, reference pulse 
wave (b) of the main-switch control circuit 1 1 makes the synchronous detection element 14 an 
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OFF state by diode 8, the inverter 10, and the coupling circuit 12 at this time. 
[0013] On the other hand, since the energy stored in the capacitor 4 will discharge via diode 6 if 
the reference pulse of the main-switch control circuit 1 1 is set to Lo, the output wave of IC3 for 
actuation serves as Lo, and a main switch 1 is turned off The input of an inverter 10 is drawing 2 
by the time constant of a capacitor 9 and a resistor 7 then. - It becomes the discharge wave 
shown in (d), and it is fabricated by the square wave via an inverter 10, and the synchronous 
detector 14 by the side of [ MOSFET ] commutation is turned on by this pulse. 
[0014] Since the above actuation can protect the simultaneous ON state of both MOSFETs in 
this example by setting up the timing of the driving pulse of a main switch 1 and the synchronous 
detector 14 by the side of [ MOSFET ] commutation by the resistor 5, the capacitor 4 and the 
resistor 7, and the capacitor 9 and a synchronous detector is driven by the square wave, 
operational stability becomes possible and the power loss by actuation can be improved. 
Moreover, since it also follows the driving pulse by the side of [ MOSFET ] commutation at the 
reference pulse of a main-switch actuation circuit even if the reference pulse of a main-switch 
control circuit changes, a dead time is not based on the input condition and load conditions of a 
power supply, but becomes fixed, is not influenced of input fluctuation but becomes fixed 
[ actuation power]. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the block diagram showing the power circuit of one example of this invention. 

[Drawing 21 It is drawing showing the wave of each part of drawing 1 . 

[Drawing 3] It is drawing showing the block diagram showing the power circuit of the 

conventional example. 

[Description of Notations] 

1 Main Switch 

2 The Main Transformer 

3 IC for Actuation 

4 Nine Capacitor 

5 Seven Resistor 

6 Eight Diode 

10 Inverter 

1 1 Main-Switch Control Circuit 

12 Coupling Circuit 

13 Diode 

14 Synchronous Detector 

15 The Main Choke Coil 
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